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there was convincing clinical evidence of a past myocardial infarction (11 patients), but neither the electrocardiogram nor the vectorcardiogram was used in making this exclusion. The single remaining criterion for exclusion was the presence of prolonged intraventricular conduction with a QRS duration of 0.125 sec or longer and the pattern of left bundle-branch block (12 patients) .
These conditions were met by 107 patients. There were 71 males and 36 females, aged 16 to 75, with a mean age of 45 (± 13) years. All but 22 were Caucasian. Most of these patients had valvular heart disease (table 1), but primary myocardial disease (six patients), congenital lesions (three patients), and hypertensive cardiovascular disease (three patients) were also represented.
Electrocardiographic measurements were taken from the tracings of a Sanborn direct writing instrument recorded at the time of the vectorcardiogram. The depth of the S wave in V1 and V2 and the height of the R wave in V-and V6 were measured for each patient. Vectorcardiograms were recorded without filtration on an Ampex tape transport. They were then digitized for subsequent analysis.
Analysis of the vectorcardiographic data was Superior Right Inferior +Y Figure 1 The cartesian reference system for spatial magnitude data. The magnitude of each 0. The significance of reductions in the strength of multiple correlation (see text) is indicated by: (Ns) = not significant at P < 0.01; * = P < 0.001; t = P < 0.01. the strength of correlations with left ventricular size measurements over that achieved with any of the electrocardiographic or vectorcardiographic measurements alone. The multiple correlation coefficient was highest in the prediction of total left ventricular volume (R = 0.81), and less high in the prediction of left ventricular mass (R 0.77) and of left ventricular end-diastolic volume (R = 0.76).
Elimination of the precordial voltage measur"p;ents from these multiple regressions reduced the strength of correlation an insignificant degree, whereas elimination of the vectorcardiographic measurements was followed by highly significant reductions in the strength of multiple correlations (P < 0.001 for TLVV and LVEDV; P < 0.01 for LV Mass). This reciprocal relationship between sensitivity and specificity makes it difficult to compare the ability of different measurements to predict the presence or absence of left ventricular enlargement. The sum of sensitivity and specificity divided by 2 has been suggested as a comparative measurement of the ability of a set of criteria to determine the presence or absence of left ventricular enlargement.32 As the "performance" of a test, thus defined, approaches 1.0, its ability to recognize a condition when present and to exclude it when absent is improved.
For comparative purposes, then, the performance score has the advantage of being relatively insensitive to small differences in the upper normal limit chosen for a particular test. In the present study, for instance, when the upper normal limit of Sokolow's precordial voltage criterion in the prediction of total left ventricular volume was increased from 3.5 to 4.0 mv, specificity increased from 0.70 to 0.81 and sensitivity fell from 0.63 to 0.51, but performance remained at 0.66. This relative stability breaks down at the extremes of sensitivity and specificity, but it is useful when attempting to compare studies using different criteria for the prediction of left ventricular enlargement.
The best performance scores we could calculate from the literature for the prediction of left ventricular enlargement from QRS magnitude measurements were in the low 0.80's. Borun and associates' reported data that generated a performance score of 0.81 for the relation between precordial voltage measurements and the clinical assessment of left ventricular enlargement. In their hands, vectorcardiographic measurements did not yield performance scores above 0.70 and were considered less adequate. In contrast, Romhilt and associates3 and Wolff and associates5 reported performance scores of 0.80 to 0.81 in the prediction of left ventricular enlargement at autopsy; the latter group5 favored the vectorcardiogram in making this prediction. These performance scores, derived from QRS magnitude measurements alone, are not exceeded by the performance scores obtainable by any combination of vectorcardiographic'-5 10 or electrocardiographic" 11-17, 19, 21, 22 measurements reported in the recent literature, and are probably unduly elevated by the elimination of patients responsible for false negative results. In the study by Borun,' for example, the measurements were made on separate "normal" and "diseased" populations, which would have the effect of increasing specificity by elimination of patients with slight degrees of cardiac enlargement but with normal electrocardiograms.
The study by Romnhilt and associates3 excluded cases with autopsy evidence of marked right ventricular hypertrophy, which has been shown to interfere with the electrocardiographic manifestations of left ventricular hypertrophy.5 The study by Wolff and associates5 is the single unselected autopsy series that generates a performance score in the 0.80's (0.81), and no other unselected clinical or autopsy series reviewed approaches this value. To the extent that these points are valid, the maximal performance scores obtain- The present study supports this conclusion because the performance scores for the vectorcardiographic measurements (0.63-0.78) are not appreciably different from those obtained using Sokolow's precordial voltage criterion (0.67-0.76). Individual comparisons, however, suggest a small increase in sensitivity, specificity, and performance of the time-strength integral of the spatial vectors in comparison with the precordial voltage measurement or the maximum spatial vector magnitude.
It was a disappointment to find that no combination of conventional electrocardiographic1' 11-17, 19, 21, 22 an older population in which the prevalence of left ventricular enlargement may be in excess of 5%.38 It can be shown31 that a test with a sensitivity of 0.90 and a specificity of 0.60 will be incorrect 39% of the time when applied to the detection of a disease with a prevalence of 5%. Similarly, a test with a sensitivity of 0.60 and a specificity of 0.90 will be incorrect only 12% of the time when applied to the same population, but 40% of the subjects with the condition under consideration will be misdiagnosed. In each example, the performance score is 0.75, but no matter how the sensitivity and specificity scores are set within these limits, one has to choose between maximization of disease identification, in which case more than a third of the total population is incorrectly identified, or maximization of correct identification of normal subjects, in which case almost 50% of the diseased may not be identffied. Although the strength of correlations between the vectorcardiographic and left ventricular size measurements was statistically superior to the strength of correlations with the precordial voltage measurements used in this study, the practical significance of these differences is less impressive. The coefficient of determination35 39 is the square of the appropriate r or R value, and is a measure of the percentage of the variability of the dependent variable, left ventricular size in this case, accounted for or "explained" by the independent variables, the selected vectorcardiographic and electrocardiographic measurements. If the R2 values from this study are compared, it can be seen that the vectorcardiographic-constitutional measurements "explain" 64% of the variability in the total left ventricular volume measurements. Similarly, the precordial voltage, a simple bedside measurement, accounts for fully 50% of this same variability, and the relationship might be improved if other criteria such as limb lead voltage were added to the regression. When ventricular mass is considered, the vectorcardiogram explains 57% of the relationship as compared to 50% using the electrocardiogram, a difference of only 7%.
In conclusion, it would seem that sophisticated computerized vectorcardiographic measurements of QRS magnitude do not An alternative approach, which employs the concept that the diseased heart is not the equivalent of a single dipole within the chest, has recently been reported by Holt and associates32 to yield correlations with left ventricular mass that approach unity in patients with isolated aortic valve disease and give performance scores above 0.90 when applied to a heterogeneous group of patients with heart disease. Their results suggest a very significant improvement over those of previous workers and deserve careful consideration in future study of the relationship between heart size and surface potentials.
